A randomized, prospective trial of four different cannulae used for percutaneous radial artery cannulation was carried out in one hundred and forty-eight patients undergoing cardiopulmonary bypass surgery. Arterial occlusion was assessed using a modified Allen's test and an ultrasonic flow monitor. The incidence of complete occlusion eight days after decannulation was 34% for J8-gauge polypropylene and 0% for 20-gauge Teflon cannulae. Both the size and material of the cannula are important factors in the occurrence of arterial occlusion. This complication can largely be eliminated by the use of small Teflon cannulae.
INTRODUCTION
Percutaneous radial artery cannulation is a well established clinical technique. In large retrospective reviews (Mortensen 1967, Dalton and Laver 1971) serious complications such as gangrene of the extremities have been rare, though there is a definite morbidity-particularly the occurrence of radial artery thrombosis and occlusion. The relationship of the size of the cannula used, and the material of which it is made, to the incidence of occlusion has not been made clear from previous studies (Brown, Sweeney and Lumley 1969 , Downs, Rackstein, Klein and Hawkins 1973 , Bedford and Wollman 1973 , Evans and Kerr 1974 , Bedford 1975 . The present paper reports a trial of four different cannulae in an attempt to resolve these questions.
MATERIALS AND METHODS
Percutaneous radial artery cannulation was attempted following induction of anaesthesia in 156 consecutive adult patients (118 males and 38 females) undergoing elective cardiac surgery. Patients were allocated in accordance with a computer-generated random numbers list to one of four groups (A,B,C, or D) in each of which a different cannula was used ( Table 1) .
The anaesthetist performing the cannulation played no part in the selection of the cannula for any given patient. In five cases a cutdown procedure proved necessary; two patients did not survive surgery, whilst one further patient was not followed up. The remaining 148 patients form the basis of this study.
PRE-OPERATIVE ASSESSMENT
A rich anastomosis is normally present in the hand between the radial and ulnar arteries through the superficial and deep palmar arches and the dorsal arch. The superficial palmar arch is primarily formed by the continuation of the ulnar artery into the palm. In up to 5% of cases this anastomosis is relatively or totally deficient (Mozersky et al. 1973) , and its adequacy must therefore be tested prior to radial artery cannulation. This was done using a modified Allen's test, a full description of which has been provided recently by Oh and Davis (1975) . The Allen's test was graded as described by these and other authors as Grade 1 (0-7 sec " flush" time)-normal; Grade 2 (8-14 sec " flush" time)-equivocal, and Grade 3 (over 15 sec" flush" time)-poor.
CANNULATION TECHNIQUE
Cannulation was performed using single-wall puncture or transfixion of the radial artery as described by several authors, including Oh and Davis (1975) . Double iodine skin preparation and a no-touch technique were employed. The cannula was fixed in place using narrow zinc Total 14H oxide tape and connected vIa a :WO cm manometer line to a Statham 1'23 strain gauge transducer for continuous monitoring of the blood pressure. The cannula was flushed \vith a few ml of 5% Dextrose solution containing 2,500 i.t1. heparin per ;")00 ml intermittently during the operation, then every 20-30 minutes in the Intensive Care Room. A continuous flushing device was not used. In most cases the cannula was removed on the first post-operatin~ day, digital pressure being applied over the puncture site for at least ten minutes.
1'OST-CANXULATION EXA:\IINATIOX All patients were examined by the author on the first and eighth days following decannulation, the examiner being in ignorance of the type and size of cannula used in any given patient. Assessment involved inspection of the puncture site and hand; palpation of the distal radial pulse; Alien's test, and the use of an ultrasonic flowprobe.
(a) Inspection: The puncture site was observed for a discharge and for inflammation. The degree of haematoma formation was scaled from 0 (no observable bruising) to 4 (haematoma reaching to the elbow plus considerable local swelling). The hand was examined for evidence of areas of poor skin blood supply particularly over the radial aspect.
(b) Radial Pulse: The strength of the radial pulse distal to the puncture site was recorded as normal (i.e. equal to the non-cannulated side), reduced or absent, (c) Allen's Test: This was graded as described above. Whilst the pre-operative grading referred to the "flush" time from the ulnar side, the "flush" time from the radial side was used in post-cannulation assessment.
(d) Palmar Blood Flow: l\Iozersky et al.
(197:) ) have described the use of a directional ultrasonic flow probe in assessing the adequacy and direction of blood flow in the superficial palmar arch. This technique, but with a nondirectional flow probe (" Sonicaicl Foetal Heart l\Ionitor "), was used in the present study, the transducer being placed on the palm as described by these workers.
Csing earphones, a biphasic sound is readily detected where radial artery blood flow is normal. This is commonly· accentuated in amplitude and of higher frequency with digital compression of the ulnar artery. \Vith partial or complete occlusion of the radial artery this biphasic signal is lost, a reduced uniphasic sound being heard. In the presence of complete occlusion of the radial artery, compression of the ulnar artery causes the signal to disappear altogether. \Vith partial occlusion, compression of the ulnar artery commonly reduces the uniphasic signal further, but occasionally it may be increased.
] n the present study the patency of the radial artery was graded by the combined use of the Alien's test and ultrasonic monitoring with the ulnar artery compressed as :
Grade 1, normal-Grade 1 or 2 Allen's test from radial side plus a 'normal' ultrasonic flow signal over the palmar arch.
Grade 2, partly occluded-Grade 2 or 3 Allen's test plus a reduced uniphasic flow signal, which does not disappear with ulnar occlusion.
Grade 3, completely occluded-Grade 3 Allen's test plus a reduced uniphasic flow signal which completely disappears with ulnar occlusion A Grade 1 AlIen's test was never associated with an impaired flow signal, but a 'normal' biphasic sound was occasionally observed in combination with a Grade 2 AlIen's test. RESULTS 1. Pre-operative Allen's Test: There were no differences between the four groups in the distribution of the AlIen's test. Eighty seven per cent of patients had a normal" flush" time (grade 1); 12 ,5% had an equivocal response (grade 2), and in only one patient was it poor (grade 3). 
State of Puncture Site and Hand:
In only three cases were there signs of inflammation around the skin puncture site, and these had all resolved by the eighth day. Three other patients showed signs of poor blood supply to the radial aspect of the hand on the first day only. In one of these patients radial artery cannulation had been performed although ulnar collateral flow was poor. The cannula (20 gauge polypropylene) was removed after seven-teen hours when progressive cooling and blanching of the hand were observed. There were no further complications although the radial artery was not patent the following day. Haematoma formation was similar in all four groups, being slight (grades 0 and 1) in 61 %, moderate (grade 2) in 31 % and severe (grades 3 and 4) in 8% of this series of patients.
3. Radial Artery Occlusion: The numbers of patients in each group with partial or complete occlusion of the radial artery on the first and eighth days following decannulation are shown in Figures 1 and 2 respectively. The highest incidence of complete occlusion was found in Group A on the first day (38,6%) whilst the lowest was seen in Group D on the eighth day, being zero. These findings are summarized in Table 1 . Using a X2 test (with Yate's correction) there were no statistically significant differences between Groups A and C on either the first ( olypropylene/Tefion (pooled) ;l·406 p>O·:l n.s. :3·867
p<0'05 * · . P Group B did not show a significant difference in occlusion rate from either of these groups on the first day (Table 2) , but there was a significant reduction in the number of completely occluded vessels by the eighth day when compared to Group A (Table 3) . Group D showed hy far the lowest combined incidence of complete and partial occlusion: 12% on the first day and 6% by the eighth, as compared with the maximum rate of 51 % and 44 % respectively seen in Group A.
There is a significant difference in occlusion rates between the two sizes of cannula using the pooled data. With 18-gauge cannulae complete occlusion was found in 32·5% of patients on the first day (Table 2 ) and 30% on the eighth (Table 3) . With 20-gauge cannulae the respecti ve rates were 14 % and 5·7 %.
Polypropylene cannulae were associated with complete occlusion in 32 % of cases on the first day (Table 2 ) compared with 13 .i)% when Teflon cannulae were used (Table : 3). If both complete and partial occlusion are considered together, the difference on the first day-43~.~ compared with 30%-is not significant ( Table 2) . By the eighth day, however, there is a significant difference between the two (Table 3 )-36°/,) for polypropylene, and 20% for Teflon. These figures also show that the rate or recovery of the artery is more rapid using 20 gauge rather than 18 gauge and possihly Teflon rather than polypropylene cannulae.
DISCUSSION
Provided ulnar collateral blood supply is good, perfusion of the hand should remain adequate, even if complete occlusion of the radial artery occurs following cannulation unless cardiac output is severely impaired. As demonstrated by one patient in this series this is not so where the palmar arch anastomosis is deficient, and an alternative route should be sought. In over 10% of patients some reduction in ulnar collateral blood flow was observed. Little, Clarke and Shanks (1975) using 15-gauge Teflon cannulae have reported complete occlusion of the radial artery in 22 out of 41 cannulations and of these 13 developed features of mild ischaemia. In the present series only :3 out of 148 patients showed such features, the difference prohably being attributable to the difference in size of cannula used. It is reasonable to assume that occlusion of an artery IS an undesirable complication, but only recently have aspects of technique, the type of equipment used and the management of the cannulated vessel been considered as possible factors in the incidence of thrombosis and other complications.
The method of assessment is very important. Bedford and Wollman (197: 3) demonstrated that provided ulnar collateral supply is good the distal radial pulse may be normal to palpation even in the presence of complete occlUSIOn of the radial artery. The present study confirms this, as the radial pulse was palpable distally in 64 <;;) of completely occluded vessels and in 10% was equal to the pulse on the opposite, non-cannulated side. The value of the combined use of a modified Allen's test and ultrasonic assessment of blood flow in the superficial palmar arch (:\Iozersky et al. 1973) has been confirmed in this study. \\-re found a close correlation between these t~o techniques.
As Teflon appears less likely to cause tissue reaction than other plastics (Harrison, Swanson and Lincoln 1957) , it should reduce the incidence of arterial thrombosis. Yet Brown et al. (1969) could find no significant differences in the complication rate between PVC and Teflon cannulae and Evans and Kerr (1974) stated that the incidence of complete occlusion bore no Anaesthesia and Intensive Care, Vol. VI, },'o. 1, February, 1978 relation to the type and size of cannula used. By contrast, both Downs et al. (1973) , and Bedford (1975) have reported differences in occlusion rate between polypropylene and Teflon cannulae. On reviewing the latter data they are significant at the 5% level and not at the 1 % level as reported. In their review of radial artery cannulation Oh and Davis (1975) concluded that the significance of cannula diameter and the advantages of Teflon versus PVC cannulae had yet to be established.
The results of the present study in which both size and material appear to be significant factors in the incidence of occlusion may resolve this issue. The effect of different materials is less apparent with large than with small cannulae. When the effect of both small size and non-irritant material are combined as in the 20 gauge Teflon cannula, then a very low incidence of occlusion-complete 0%, partial 6% at the end of one week-is found.
Two possible disadvantages of smaller, more flexible cannulae, namely that they are more difficult to insert and that they block more readily, were not supported in this study. It is worth noting that the incidence of thrombosis associated with 20-gauge Teflon cannulae in this study is less than that cited by Oh, Opie and Davis (1976) using a continuous flushing device even though only intermittent manual flushing was used in the present study. It is concluded that small (20-gauge) Teflon cannulae should be used in percutaneous radial artery cannulation if the risk of and sequelae to thrombosis are to be minimized.
